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Introduction
The use of an automatic suturing device was first reported in 1908. Since then, various automatic suturing devices have been developed and validated to minimize postoperative complications (1) (2) (3) (4) (5) (6) . Despite the availability of various anastomosis techniques, postoperative anastomotic complications, such as anastomosis failure and bleeding, develop in some patients (7) (8) (9) (10) (11) (12) (13) (14) .
In recent years, automatic suturing devices have been widely used for gastrointestinal anastomosis. The repair process after mechanical anastomosis is classified as secondary healing, during which the tissue is vulnerable to increased internal pressure of the intestine in the early stages after surgery because of the loss of mucosa. It is known that overly thick or thin tissue and displacement of tissue during stapling may result in incomplete staple formation. In addition, a staple-on-staple site occurs in the process of anastomosis. These factors are considered to be related to postoperative complications such as anastomosis failure.
The 
Materials and Methods

Tissue
Frozen colon and stomach tissues from various breeds of pigs (Duroc, Large Yorkshire, Yorkshire, and Landrace) were prepared. The tissues were used for the experiment within 1 h after thawing.
Stapling devices
The iDrive ™ Ultra Powered Stapling System (Medtronic) was used to minimize variability when firing the automatic suturing device. purple cartridge with no reinforcement material. In both devices, the staples were 3.0, 3.5, and 4.0 mm in height.
Stapling was performed using a two-stage crossing approach to make a staple-on-staple site. The second stapling was performed with no waiting time (Figures 1, 2 ).
Evaluation of staple formation
After the device was fired, the staples were extracted after the stapled tissues were soaked and dissolved with PI punish ™ (Johnson co., Ltd, Yokohama, Japan), a mixed solution of hypochlorous acid and sodium hydroxide. The staple formation was classified as "complete formation" when all angles were acute and "incomplete formation" when at least one angle was obtuse. The staple formation was assessed on the basis of the ratio of complete staple formation to the total staples collected ( Figure 3 ).
Statistical analysis
Stapling was performed three times for each tissue type with each device. The results are expressed as means ± SD. Statistical analysis was performed with JMP Pro 11.0 (SAS Institute, Cary, USA).
Results
The rates of complete formation with the Endo GIA ™ with
Tri-Staple ™ Technology were 95.6 ± 0.6% for stomach tissue and 95.6 ± 2.3% for colon tissue, which is thinner than stomach tissue. In contrast, the rates of complete formation with the Endo GIA ™ Reinforced Reload with Tri-Staple (16, 17) . In contrast, we used the electric-powered iDrive ™ Ultra Powered Stapling System; the stability of its firing mechanism may explain the higher complete staple formation rate.
In conclusion, our results showed that the Endo GIA 
